Introduction
Atrial fibrillation (AF) is the most frequent sustained arrhythmia in clinical practice and associated with a high risk of stroke, heart failure, and hospitalization. 1 -3 Ageing of the population and the accumulation of predisposing conditions will cause the prevalence of AF to rise by at least 2.5-fold by the year 2050. 4 For optimized diagnostic and therapeutic management, patient characteristics and determinants of clinical course and complications will be essential. Clinical studies over the last 20 years have provided a framework for guidelines on care in AF. 5 -8 However, it is difficult to establish the level of adherence to guidelines in every day clinical practice, given, among other things, the often limited feasibility of diagnostics and treatment in a preferentially elderly population or constraints such as patient preference and compliance. A limited number of previous national and international surveys and registries have provided information on the management of patients with AF, 9 -13 usually focusing on specific patient subsets such as those cared for by cardiologists 9, 10, 14 or general practitioners. 15, 16 There has been increasing awareness of recent guidelines and clinical trials on AF, importantly of the ACC/AHA/ESC guidelines published in 2001, 5 updated in 2006, 6 which may have influenced diagnostic and therapeutic decision-making, even though the impact of such guidelines on clinical practice has been disputed. The German Competence NETwork on Atrial Fibrillation (AFNET), established in 2003 and funded by the Federal Ministry for Education and Research (BMBF), has initiated a large nationwide patient registry to evaluate current daily care of patients with AF in Germany. The study included patients with AF recruited by general practitioners, internists, and cardiologists, all officebased, as well as by community hospitals and tertiary care or specialized referral centres. This is the first report on characteristics and initial management of the patients in the central registry of the German AFNET.
Methods
The central patient registry of the German AFNET is a multicentre prospective observational study designed to enrol patients at all levels of medical care. The project is organized as a network consisting of 13 regional coordinating centres (10 university departments of cardiology and 3 academic hospitals), each coordinating the activities in the regional hospital departments (59) and in the practices of office-based cardiologists (63), internists (36), and general practitioners (23) . The central administrative office of the network is located at the University of Münster, Germany (for details see: www.kompetenznetz-vorhofflimmern.de).
Enrolment sites were selected to provide a representative picture of current medical practice throughout Germany and include all levels of medical care (see Appendix 3 for participating centres, affiliation, and status). Patients were recruited from medical wards, outpatient clinics, and by office-based physicians (cardiologists, internists, and general practitioners). Management of patients was according to local medical practice. All participating centres agreed to consecutive enrolment of all patients with AF to minimize patient selection bias.
Patients were included in the registry if they were 18 years or older and had AF documented on ECG or Holter ECG recording, either at the time of enrolment or during the preceding 12 months. Patients with atrial flutter as the sole arrhythmia were not included. Informed consent was obtained in written from all patients included in the registry. Patient follow-up is planned for up to 5 years after enrolment.
Data collection
The web-based electronic data capture system MARVIN was managed by the Institute for Clinical Cardiovascular Research (IKKF, Munich, Germany; www.ikkf.de). The primary route of data entry was via the internet. The data-cleaning process included automated range checks, with change requests displayed immediately to the user. A two-step query process included automated queries related to single data fields (edit checks) and manually created queries. The programme was managed to comply with data protection requirements and security standards (FDA 21, CFR part 11). All information was kept confidential and data transmission was encrypted. 
Data analysis

Patient characteristics on admission or at consultation
Characteristics of the 9582 patients included in the registry are shown in Table 1 . Age of the patients ranged from 18 to 98 years (mean age 68. 4 + 11.0; 29.2% 75 years or older) , and women were older than men (Figure 1) , consistent with later onset of AF in women as observed in epidemiological studies. 17 Only 12.4% of the patients were diagnosed to have 'lone AF', implying the absence of detectable concomitant disease known to promote AF. By far the most prevalent concomitant condition was arterial hypertension (69.2% of patients). Other cardiac diseases commonly present were valvular heart disease (36.3%; only 3.7% of which were rheumatic in origin), coronary artery disease (28.1%), symptomatic heart failure [New York Heart Association (NYHA) II to NYHA IV, 29.0%], and various forms of cardiomyopathy (10.7%), all of which tended to be more prevalent in patients with permanent AF compared with paroxysmal or persistent AF ( Table 1 ). The high proportion of patients with valvular heart disease was mostly due to a high prevalence of mitral valve regurgitation, which was reported to be present in 29 and permanent (39.7%) AF. Diabetes mellitus (21.7%) and lack of regular physical activity (47.4%) were frequently reported and more common in patients with permanent AF ( Table 1) . Non-cardiac diseases frequently present were chronic obstructive pulmonary disease, increasing in prevalence from paroxysmal (10.2%) to permanent AF (13.5%), and renal failure, also more common in permanent (14.5%) than paroxysmal (9.6%) AF. This contrasts with thyroid disease, which was distributed equally in all clinical types of AF (11.8-12.8% ; Table 1 ). Previous thromboembolic events were common and present with increasing frequency from first episodes (8.1%) to permanent AF (16.0%) . Approximately half of the events were strokes ( Table 1) .
Permanent AF was strongly associated with the presence of concomitant cardiac and non-cardiac disease and with risk factors for stroke ( Figure 2 ). In the absence of concomitant disease, only 18.7% of the patients had permanent AF, increasing to 54.8% in patients with five or more concomitant diseases. The increase in permanent AF with the accumulation of co-morbidities was almost exclusive at the cost of paroxysmal AF, with the fraction of patients in persistent AF remaining essentially constant (15.2-22.7%) .
There was no relationship between the presence of hyperlipidaemia, angina pectoris, or history of percutaneous coronary intervention or bypass surgery and the clinical type of AF. Current smoking was reported with decreasing frequency in persistent (7.4%) and permanent forms (5.2%) of AF when compared with those presenting with a first episode (11.6%) or paroxysmal AF (8.7%). Previous smoking was reported to be most prevalent in persistent (38.4%) and permanent (37.9%) AF when compared with those presenting with a first episode (32.4%, Table 1 ; P , 0.001).
Symptoms were assessed on the basis of the presence or absence of palpitations, dyspnoea, chest pain, dizziness, or fatigue (see Appendix 1) and NYHA functional class. Symptoms reported most frequently were palpitations, especially in paroxysmal AF (54.9%) or during a first episode (54.3%), which were also the most symptomatic types of AF. Dyspnoea was a frequently reported symptom and most prevalent in persistent (47.5%) and permanent AF (47.5%). Higher degrees of heart failure were much more common in patients with permanent AF (37.3% were classified at least NYHA class II and 13.3% at least NYHA class III) than with paroxysmal AF (18.4% at least NYHA class II and 6.8% at least NYHA class III). The lack of control of heart rate was evident in patients presenting with their first episode of AF (mean heart rate during AF, 109 + 30 bpm; 45.0% of the patients above 110 bpm) or with paroxysmal AF (mean heart rate, 100 + 29 bpm; 33.1% of the patients above 110 bpm), possibly also responsible for the more symptomatic nature of these conditions ( Table 2) .
Diagnostic procedures used
Transthoracic echocardiography was used preferentially in patients presenting with a first episode of AF (74.0%) and with permanent AF (68.2%, Table 3 ; only echocardiography performed within 3 months before inclusion was an accepted entry). Chest X-rays were used only in a few patients (18.9%) . Thyroid function was reported to be studied in the majority of the patients (57.5% of all patients, usually within the preceding 6 months) and in 64.5% of patients on amiodarone at the time of inclusion.
Drug therapy
Drug therapy was evaluated at the end of the enrolment visit (discharge from hospital or end of outpatient visit). Information on medication was available for 8962 of 9582 (93.5%) patients ( Table 4) . Beta-blockers and digitalis were the rate control drugs used most frequently in the overall population (65.7 and 35.5%, respectively). In permanent AF, beta-blockers (59.2%) and digitalis (50.9%) were used more frequently than calcium channel blockers (verapamil 10.2% and diltiazem 1.0%). In the other types of AF, the use of beta-blockers was even more common, ranging from 67.4% in paroxysmal AF to 73.7% in patients with a first detected episode of AF. Digitalis was used less frequently in these types of AF (paroxysmal AF 21.4% and persistent AF 35.2%; Table 4 ). The concomitant use of angiotensin-converting enzyme (ACE) inhibitors or angiotensin-II receptor antagonists was very common. In the total study cohort, 47.0% of the patients were treated with ACE inhibitors and 16.2% of the patients were treated with AT II antagonists ( Table 4) .
Rate and rhythm control
Rhythm control with electrical or pharmacological cardioversion or ablation was performed in 53.4% of the patients with persistent AF and current AF-related symptoms (details in Appendix 1) and in 47.8% of the patients in persistent AF not reporting AF-related symptoms. However, the use of electrical or pharmacological cardioversion or ablation in patients with persistent AF increased with the number of reported symptoms from 40.8% (no symptoms) to 49.5% (one symptom reported) and 60.6% (all five symptoms present), suggesting a relevant impact of symptom burden on treatment strategy.
Anti-arrhythmic drugs (classes I and III) were given to 21.3% of the patients, primarily to patients with paroxysmal (flecainide, 14.7%; propafenone, 2.9%; sotalol, 5.3%; amiodarone, 13.8%) and persistent AF (flecainide, 7.9%; propafenone, 1.2%; sotalol, 2.0%; amiodarone, 13.1%). In contrast, anti-arrhythmic drugs were given only occasionally to patients with permanent AF (flecainide, 1.1%; propafenone, 0.5%; sotalol, 2.3%). Amiodarone was given to 4.4% of the patients with permanent AF.
Rhythm control drugs were usually combined with rate control drugs, and 63.4% of the patients on class I agents also received beta-blockers or calcium channel blockers (verapamil or diltiazem). Flecainide was more frequently combined with rate control drugs (66.5%) than propafenone (50.0%). Similarly, the class III drug amiodarone was frequently combined with rate control drugs (beta-blockers, 62.3%; verapamil or diltiazem, 2.5%).
After electrical cardioversion, 16.5% of the patients received class I anti-arrhythmic drugs (flecainide, 14.6% and propafenone, 1.9%), 3.5% sotalol, and 22.9% amiodarone to prevent recurrences of AF. Beta-blockers only were given to 47.8% of the patients after cardioversion, calcium antagonists (verapamil or diltiazem) to 2.5%. In only 8.3% of the patients, no anti-arrhythmic drugs, beta-blockers, or calcium antagonists, were given after electrical cardioversion. Only a rare patient (15/9582) with a risk profile for class I anti-arrhythmic drugs (defined as previous myocardial infarction or coronary bypass surgery or severe LV dysfunction on echocardiography) received class I anti-arrhythmic drugs. 
Characteristics of patients with AF
Interventions
Ablation procedures for AF have been used frequently even before inclusion into the registry, with 7.5% of the patients in paroxysmal AF and 3.3% of patients in the persistent AF treated previously with an ablation procedure. After enrolment, patients in paroxysmal AF were treated with an ablation procedure in 11.9%, in persistent AF in 5.7%, and in permanent AF in 1.7%. Patients with a first episode received an ablation procedure in only 1.5%. Considering all ablations performed, most of them were applied to patients with paroxysmal AF (64.6%) and persistent AF (20.0%), and only a few (10.3%) were in patients with permanent AF ('long-lasting persistent AF' 19 ) or after a first episode (2.9%).
Ablation procedures were almost exclusively performed at the regional coordinating centres (10 university departments of cardiology and 3 academic hospitals).
Anti-thrombotic treatment
Stroke prevention remains one of the primary treatment goals in patients with AF. On the basis of the stroke risk stratification of the ACC/AHA/ESC 2001 Guidelines, 90.8% of the patients in the registry would be considered to be at high or very high risk for stroke, mandating anticoagulation. This includes patients undergoing a cardioversion or ablation procedure. After excluding patients with documented potential contraindications (prior major bleeding or haemorrhagic stroke, 2.5% and malignancy, 8.1%), 67.5% of the 7194 patients requiring anticoagulation did receive oral anticoagulants. A further 3.9% received lowmolecular-weight heparin (LMWH), with the intention to provide adequate anticoagulation, resulting in a total of 71.4% of the eligible patients on anticoagulation therapy ( Figure 3 and Table 5 ). Antiplatelet drugs were given in 16.9% of the patients as the only anti-thrombotic treatment ( Figure 3) . Still, 11.2% of the patients eligible for anticoagulation received no antithrombotic treatment. Of the 710 patients not considered candidates for anticoagulation, 351 (49.4%) received oral anticoagulation (46.2%) or LMWH (3.2%) for anticoagulation purposes, indicating that a significant portion of low-risk patients may be overtreated.
Discussion
The age distribution of the patients with AF highlights the upcoming dimension of this disease in an ageing population ( Figure 1) . 1, 4, 20 With 40.1% of women and 22.2% of men 75 years or older, special requirements and limitations in care for these patients will apply, also pertaining treatment with oral anticoagulants. Rheumatic valvular heart disease, which used to be an important underlying disease for the development of AF, 9, 20 was present in only 3.7% of the patients, reflecting a change in the cardiac disease. The contemporary patients with AF are likely to have multiple comorbidities, most importantly hypertension, diagnosed in almost 70% of the patients in this registry, as opposed to 50% in the general population in Germany. 21 Usually, hypertension was accompanied by other cardiac and non-cardiac diseases. The absence of predisposing cardiac diseases resulting in classification as 'lone AF' 5, 6, 22 was only seen in a small percentage of patients (12 
Clinical type of atrial fibrillation
Although classification of AF into different types is clinically useful to select for the appropriate treatment, the shortcomings of such classifications becomes obvious when applied at a single point in time such as at study entry. The later course of the disease or further information emerging might require different treatment decisions or suggests that a different classification may be more appropriate than the one initially attributed. For example, patients initially classified to have permanent AF were at times treated with a successful cardioversion later during their hospital stay. Conflicts in the assignment to the different clinical entities appear unavoidable from a retrospective point of view, especially as current treatment options have the potential to alter the natural course of the disease. This is highlighted by current catheter ablation techniques, which may provide 'cure' from 'longlasting persistent' AF, a path not considered in the current AF classification.
Rate vs. rhythm control
Current guidelines recommend the decision to treat with either rate or rhythm control to be guided by the symptomatic status of the patient, as no survival benefit of a rhythm control strategy Characteristics of patients with AF has been observed. 24 -26 In daily clinical practice, other factors appear to importantly influence the treatment strategy. Focusing on the subgroup of patients with persistent AF, the impact of AF-related symptoms on the treatment given appears limited, as 53.4% of the patients with AF-related symptoms and 47.8% of the patients without symptoms received a rhythm control strategy. Nevertheless, increasing symptom burden clearly favoured a rhythm control strategy. Similar observations were made in the Euro Heart Survey, in which 44% of the patients in the absence of symptoms and 67% with symptoms received rhythm control treatment. 10 Follow-up data from the AFNET registry will allow assessment of long-term effects of treatment strategies on outcome including complications.
Interventions
Acute success of cardioversions strongly depends on the type of AF, which is very high in patients with a first episode of AF, irrespective of whether pharmacological or electrical conversion was applied. In patients with persistent AF, pharmacological conversion had a much lower success rate (55.9%) than electrical cardioversion (86.8%). The success rate of electrical cardioversion compares well with the success rates in controlled trials, 27, 28 suggesting that the results of these trials can be transferred into routine care. The frequency of catheter ablation applied to patients in this registry already reflects the recent surge in AF ablation procedures in daily clinical practice. 29 This relates to procedures performed before enrolment as well as after inclusion in the registry. In fact, the rate of AF ablation is more in line with the latest version of the ACC/AHA/ESC guidelines on AF 6 published after the patient enrolment ended. This indicates a rapid communication of novel therapeutic modalities within the AFNET study centres to provide optimal care to the patients.
Anticoagulation
Prevention of stroke remains a major treatment goal in AF and is usually achieved by the administration of oral anticoagulants to patients considered at high risk for stroke. 5, 7, 30, 31 Reports from the last 15 years, however, indicate that oral anticoagulation remains significantly underused in AF. 32, 33 Based on the ACC/ AHA/ESC 2001 guidelines, 5 effective throughout enrolment of the patients in this registry, 90.8% of the patients included would be considered at high or very high risk for stroke, mandating anticoagulation therapy ( Figure 3) . Of 7194 patients eligible, 5136 (71.4%) received anticoagulation (oral anticoagulation or LMWH for anticoagulation purpose), which ranks among the highest rates reported. It is similar to the anticoagulation rate reported in the Euro Heart Survey (67%), which was conducted primarily among specialized centres of cardiology in Europe, most of them supported by an anticoagulation clinic to monitor the INR. 10 The similarity in the rate of anticoagulation may relate to the fact that the majority of the patients in this registry were also recruited by specialized university hospitals and cardiologists (together 67.0%). Considering that 28.4% of the patients eligible for oral anticoagulation did not receive such a treatment, it has to be kept in mind that in clinical practice, anticoagulation treatment is highly dependent on the individual patient and takes into account factors such as age, feasibility of adequate monitoring of therapy, co-morbidities, and the patient's lifestyle and personal preference. Thus, the decision not to give anticoagulant therapy for a patient eligible for anticoagulation may still be the most appropriate strategy for that individual.
In contrast, anticoagulation therapy (oral anticoagulation or LMWH) was also given to 351 of the 710 (49.4%) patients with a low or very low risk of stroke when anticoagulation is not recommended by ACC/AHA/ESC 2001 guidelines. Even though half of the patients at low or very low risk of stroke received oral anticoagulation, this is, by absolute numbers, only a small fraction of the patients. In some of these patients, diseases other than AF (e.g. prior pulmonary embolism or deep venous thrombosis, pulmonary hypertension) may have justified oral anticoagulation. Still, some of them appear to have been exposed to the inconvenience of oral anticoagulation, along with the risk of bleeding, without any foreseeable benefits.
Limitations
The inclusion of various levels of medical care is a major advantage of this registry and will help gain a more representative picture of patients with AF than previous registries focusing on selected patients from specialized centres of cardiology.
9,10 Although a balanced recruitment of patients for this registry was intended, university and academic medical centres contributed slightly more patients than smaller hospitals and practising cardiologists. Compared with these three groups, patients cared for by internists and general practitioners were significantly underrepresented. This has to be taken into account when extrapolating from these data to the general population.
Conclusions
Most patients included in the registry have AF associated with one or multiple concomitant conditions, most importantly hypertension. Although the sudden onset of AF may suggest it to be an acute disease, it has to be recognized that AF originates from longterm substrate alterations by cardiac and non-cardiac diseases. These data support current 'comprehensive' treatment strategies for the prevention of AF in general and for the prevention of progression to permanent AF. The use of oral anticoagulation in high-risk patients is among the highest reported, indicating that the need for anticoagulation in these patients is well established in daily medical care for patients with AF in Germany. In contrast, decisions on rate and rhythm control do not appear to be strictly guided by current guideline recommendations. Long-term follow-up of the patients in this registry will determine the consequences of guideline adherence on complications and survival.
Symptomatic atrial fibrillation
The presence of one or more of the following symptoms: palpitations, chest pain, dyspnoea, dizziness, fatigue.
Rhythm control strategy
A rhythm control strategy was assumed when pharmacological or electrical cardioversion was performed or planned, or ablation for AF performed or planned, or class IA, IC, or III anti-arrhythmic drugs (Vaughan Williams classification 34 ) were prescribed.
Rate control strategy
Patients were considered on rate control if no drugs or interventions used for rhythm control strategy were applied.
Eligible for anticoagulation
Eligibility for anticoagulation was decided on the basis of the criteria of the ACC/AHA/ESC Guidelines 2001 5 and included the following risk factors for stroke: age 60 years and diabetes or coronary artery disease, age 75 years, heart failure, left ventricular ejection fraction 0.35, overt hyperthyroidism, hypertension, mitral valve stenosis, valve replacement, or prior thrombo-embolism. Patients undergoing pharmacological or electrical cardioversion or catheter ablation were also considered to be eligible for anticoagulation. Patients with potential contraindications for oral anticoagulation, defined as prior cerebral haemorrhage, major bleeding, or malignancy were excluded.
Not eligible for anticoagulation
If not meeting the above criteria for eligibility, patients were considered ineligible for oral anticoagulation.
Low-molecular-weight heparin for anticoagulation
When low-molecular-weight heparin was used as bridging therapy with initiation of oral anticoagulation within 7 days, it was counted as oral anticoagulation therapy at the time of discharge.
Mean New York Heart Association class
Only patients classified as NYHA class I-IV were included in the calculation.
